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Abstract: Fabricwoven fromwool/polyester (PES)Murata vortex spun (MVS) blend yarn is a commer-
cially viable proposition particularly on the basis of advantageous wear-resistant properties, compared
with fabric made from traditional worsted ring-spun yarn. However, in some early industrial trials
with fabric made from 45/55-blend wool/PES MVS yarn, significantly greater relaxation shrinkage
was found relative to comparable worsted ring-spun fabric. It was noted at the time that the amount of
relaxation shrinkage in MVS fabric could be reduced to a large extent by using steamed MVS yarn.
In this study, the extent of variations in the dimensional andmechanical properties of fabric samples
woven from a combination of steamed and unsteamedMVS yarn and equivalent worsted ring-spun yarn
is examined. In general, greater hygral expansion and relaxation shrinkage were found in loom-state
fabrics made from unsteamed MVS yarns, whereas the fabric made from steamed MVS and ring-spun
yarns gave relatively low levels of relaxation shrinkage and hygral expansion. Permanent setting of
fabrics, by pressure steaming, was found to be more effective than yarn pre-steaming in reducing
relaxation shrinkage levels of fabrics made from unsteamed MVS yarn. After pressure steaming, all
fabrics showed similar levels of relaxation shrinkage and hygral expansion.
Permanent setting of the fabrics, by pressure steaming, resulted in similar levels of relaxation
shrinkage and hygral expansion, irrespective of the yarn production method; relaxation shrinkage fell
to around 1% and hygral expansion increased by about 1%, relative to the loom-state samples. MVS
fabrics were relatively heavier and fuller and had a firmer handle than the worsted ring-spun fabrics,
reflecting the greater fabric weight, thickness and shear rigidity measured on these fabrics. These at-
tributes are associated with different structures of the worsted ring-spun and MVS yarns used to make
the fabrics.
Key words: Wool/PES blend, MVS yarn, ring-spun yarn, hygral expansion, relaxation shrinkage,
mechanical properties.
INTRODUCTION
Murata vortex spinning (MVS) is a relatively new
technology for spinning short staple fibres particularly
cotton/polyester (PES) blends (Oxeham, 2002). The
adoption of the high-speed MVS machine to short staple
wool and wool blends is a new application of the spinning
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technology that has good potential. With faster spinning
speeds (up to 400 m/min) and less mill preparation steps,
MVS offers greater productivity for less cost. For wool, in
particular, MVS is up to 20 times faster than traditional
worsted spinning (Gordon, 2007).
In general, MVS wool/PES yarns can have distinct
physical advantages, such as good abrasion and pilling
resistance, which differentiate them from yarns spun on
other traditional spinning systems (Gordon, S. Horne,
and F. Horne, 2005). However, the dimensional proper-
ties of MVS wool/PES blend fabrics are less clear. Horne,
Gordon, Phair and Horne (private communication, 2006)
measured greater yarn shrinkage in unsteamed wool blend
MVS yarns than equivalent ring-spun yarns, suggesting
a reason for the resulting heavier weights of fabrics con-
structed from unsteamed MVS yarns.
Copyright C© 2008 The Textile Institute 561 TJTI 2008 Vol. 99 No. 6 pp. 561–568
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The dimensional properties of hygral expansion and
relaxation shrinkage are characteristics of wool fabrics and
they can be significantly affected by finishing processes
that involve permanent setting (e.g. pressure steaming
or decatising) (Brady, 1995). In this work, the fabric
dimensional properties of test fabric samples made from
wool/PES blend yarns spun on theMVS and conventional
worsted ring-spun systems were compared. Comparisons
were made between the effects of using unsteamed and
steamed MVS yarns and on the changes in dimensional
properties that followed permanent setting of the wool
component in the fabric samples by pressure steaming.
Also investigated were differences between the mechanical
properties of fabrics using the SiroFAST system (CSIRO,
1990), which was designed for objective evaluation of
wool fabric. Measurements included fabric thickness,
extension, bending rigidity and shear rigidity.
EXPERIMENTAL
Yarn processing procedure and fabric samples
Commercial worsted spun wool/PES Nm 56/2 yarns in
45/55 and 60/40 wool/PES blend ratios were donated by
Macquarie Textiles P/L. The 45/55 blend was spun from
20.7-µm wool and 2.2 den × 60 mm PES tow and the
60/40 blend was spun from 21.8-µmwool and 3 den × 60
mm PES tow.
Murata vortex spun yarns were spun at CSIRO Textile
and Fibre Technology from 3.5 ktex blended wool/PES
sliver prepared from 21.5 µm × 32 mm stretch-broken
wool top and 1.4 den × 38 mm PES carded sliver. Metric
count 56/1 yarn was spun on aMVS810 spinning frame at
340 m/min, using a 1.2-mm spindle and a nozzle pressure
of 0.45 MPa. Both ring and MVS yarns were two-folded
and steamed in same way. Yarns were two-folded in the
S direction with 650 tpm and then steam relaxed in an
autoclave using a cycle comprising vacuuming to 12 kPa
absolute, steaming at 87.5◦C for 5 minutes followed by an
exhaust. The cycle was completed by an extended vacuum-
exhaust period. For comparison, a portion of theMVSyarn
was not steamed (see Fabric 3 and 3# in Table 1).
Table 1 Structural details of woven plain-weave test fabric loom state
Yarn details
Fabric code Warp Weft Weight (g/m2) Ends and picks (/cm)
1 Ring-spun 45/55 Ring-spun 45/55 160 17 × 22
2 Ring-spun 45/55 MVS 45/55 159 17 × 21
3 Ring-spun 45/55 MVS 45/55 (unsteamed) 158 17 × 22
4 Ring-spun 45/55 Ring-spun 60/40 156 17 × 22
1# MVS 45/55 Ring-spun 45/55 165 17 × 22
2# MVS 45/55 MVS 45/55 164 17 × 21
3# MVS 45/55 MVS 45/55 (unsteamed) 160 17 × 22
4# MVS 45/55 Ring-spun 60/40 158 17 × 22
A 12-m length of plain-weave wool/PES blend fabric
was woven with different combinations of the Nm 56/2
MVS and ring-spun wool/PES blend yarns in warp and
weft directions. A Hergeth sample warper was used to
prepare the warping beamwith two sections of warp yarns,
and a Somet Thema rapier loom was used to construct the
fabric at a rate of 375 ppm using four different wefts.
Table 1 shows the resulting structural details of the
fabric.
Fabric treatments
Sample preparations
Fabric samples were cut in appropriate sizes from the test
fabric in Table 1 and then marked with dark sewn-in
threads, about 20 cm apart, in both warp and weft di-
rections. Two sets of measurements were made on each
sample of fabric and the results were averaged.
Fabric treatment sequence and calculations of hygral
expansion and relaxation shrinkage
The experimental method and calculations of fabric hy-
gral expansion and relaxation shrinkage generally followed
the FAST standard test method procedures (Brady, 1995;
CSIRO, 1990). The sequence of treatments and measure-
ment of fabric dimensions was as follows: Heat set (A) →
dry (B) → condition (C ) → wet relax in buffer solution
(D) → dry (E) → condition (F) → put on pin frame (in
the conditioned state) (G) → steam in autoclave (H) →
dry while tension free (I) → condition (J ) → wet relax in
buffer solution (K) → dry (L) → condition (M).
Thus, hygral expansion before pressure steaming= 100
× (D − E)/E ; hygral expansion after pressure steaming
= 100× (K − L)/L; relaxation shrinkage before pressure
steaming = 100 × (B − E)/B; relaxation shrinkage after
pressure steaming = 100 × (I − L)/I.
The estimated accuracy of the measurements of the di-
mensional properties was ± 0.3%.
Heating setting of fabric samples
ALabortexModel R-3 Rapid Laboratory Stenter was used
to preset the polyester component of the loom-state fabric
samples. Fabric samples were placed on a pin frame and
562TJTI 2008 Vol. 99 No. 6 Copyright C© 2008 The Textile Institute
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The dimensional and mechanical properties of wool/polyester fabrics
the fabric flattened by application of light tension in the
warp andweft directions (extension control<1.5%) before
heating at 180◦C for 30 seconds. This type of process is
used by industry to stabilise polyester-containing fabrics.
Drying of fabric samples
After wet relaxing in the testing sequence described above,
samples were dried in two stages to allow the fabrics to
dry under relaxed conditions and thereby to minimise in-
troduction of relaxation shrinkage during drying (Cookson
et al., 1991). First, the sampleswere gently pressed between
layers of absorbent paper and left to dry under ambient
conditions on a non-stick horizontal surface for 12 hours,
and then the samples were placed on a non-stick horizontal
surface in an oven at 105◦C for 60 minutes. The dimen-
sions were measured as quickly as possible after removal of
the fabric samples from the oven.
Conditioning of fabric samples
Fabric samples were placed in a conditioned room at 20 ±
2◦C and 65 ± 2% relative humidity for 24 hours, while
lying on a non-stick horizontal surface, and thenmeasured.
Wet relaxation of fabric samples in buffer
Fabric was wet-relaxed by soaking, flat and without re-
straint, in an aqueous buffer solution contained in a shallow
trough, for 2 hours at 35◦C. Wet fabric dimensions were
measured directly in water. Previous studies (Brady, 1995;
Li, Brady & Wang, 2007) on pure wool fabrics demon-
strated that both fabric dimension and permanent set level
can be significantly affected by fabric pH. Therefore, in
these experiments, a buffer solution with a pH of 7.2,
which is close to neutral, was chosen in the experiment to
equilibrate fabrics before and after steaming. The purpose
was to keep the pH constant inside the fibres and thereby
to achieve relatively comparable results. The buffer solu-
tion was made up with solutions containing 0.2 M sodium
di-hydrogen phosphate and 0.2 M di-sodium hydrogen
phosphate and 0.4 M di-sodium sulphate, the resultant
ionic strength was 2 M.
Pressure steaming of fabrics
Fabrics were placed on a pin frame under standard con-
dition before being steamed in a laboratory autoclave at
120◦C for 3 minutes. A smooth and flat fabric was ob-
tained by applying appropriate tensions (extension <2%)
on the fabric samples in both warp and weft directions on
the pin frame. The level of permanent set was determined
using the crease angle test method [2]:
Permanent set (%) = 100 × (1 − θ/180) (1)
where θ is the angle between the folded legs of the yarn
snippets extracted from the treated fabric.
Fabric tests
Measurement of fabric thickness less than 0.5 kPa
Fabric thickness less than 0.5 kPa was measured according
to AS2001.2.15-1989 using a MESDAN LAB Thickness
TesterDGTW01B.At least 10measurementswere carried
out for each fabric sample and results were averaged.
Measurement of fabric mechanical properties (FAST tests)
Fabric mechanical properties were measured under stan-
dard laboratory conditions, 20 ± 2◦C and 65 ± 2% RH.
SiroFAST system (CSIRO, 1990) was used in all measure-
ments of the following mechanical properties:
1. Thickness at 2 gf/cm2 and 100 gf/cm2 (T2 and T100): The
thickness of the fabric being compressed by pressures of
2 gf/cm2 and 100 gf/cm2. The difference in thickness
at the two loads defined as the surface thickness (ST).
Five measurements on the samples were recorded and
the average value was obtained.
2. Extension at 5, 20, 100 gf/cm (E5, E20, E100): expressed
as a percentage of the original length, at 5, 20, 100 gf/cm
load, three separate warp and weft samples were
measured in each case, and average value was given.
3. Bias extension at 5 gf/cm (EB5): extension in the bias
direction of 45◦ to the warp, expressed as a percentage
of the original length, at 5 gf/cm load. Three separate
left and right samples in each case were measured, and
the average value of the six measurements was obtained.
Bias extension can be converted to shear rigidity using
the formula,
G = 123/EB5 (2)
where G is in N/m, EB5 in percentage.
4. Bending rigidity (B): Bending lengths of three separate
warp and weft samples were measured, and the bending
rigidity (B) in µN·m is given by
B = W × C3 × 9.81 × 106 (3)
where W is the fabric mass per unit area in g/cm2, and
C is the bending length in mm.
5. Formability (F): Formability is calculated from results of
E20, E5 and B as follows:
F = (E20 − E5) × B/14.7 (4)
where E20 and E5 are in percentage, B is the bend-
ing rigidity in µN·m and 14.7 is a normalising
constant.
RESULTS AND DISCUSSION
Changes in fabric dimensional properties before and after
setting of the wool component in the fabric
Heat setting of the fabric before pressure steaming en-
sured that the polyester component was permanently set.
De Boos, Harrigan and Wemyss (1986) found that when a
45/55 wool polyester worsted fabric was heat set in a sten-
ter, according to the crease angle test, about 80% perma-
nent set was introduced into the fabric. A similar amount of
set would have been expected in this work. The measured
value of set could only have been due to the polyester,
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because wool cannot be permanently set by heating alone.
Crease anglemeasurements showed that an average of 81%
permanent set was introduced into the fabric samples when
they were pressure steamed in these experiments. In this
case, the wool component of the fabrics would have been
substantially permanently set and, according to De Boos
et al. (1986), the polyester component may also have been
substantially reset. The measured values of fabric hygral
expansion and relaxation shrinkage in the weft and warp
directions, before and after pressure steaming, are shown in
Figures 1 and 2.
All fabrics, apart from the samples made from un-
steamed MVS 45/55 yarn in the weft, showed increases
in hygral expansion after steaming, which ranged between
0.5% and 1.5%. The loom-state fabrics made from un-
steamed MVS 45/55 yarn in the weft gave relatively high
levels of hygral expansion only in the weft direction of the
loom-state fabric. The effect of steaming the MVS weft
yarn before weaving was to reduce the hygral expansion
of the loom-state fabric, with the greatest effect of around
1% being observed in the weft direction.
Generally speaking, the type of warp yarn exerted little
influence on the hygral expansion of the fabric measured in
the weft direction. In the warp direction before steaming,
the values of hygral expansion of the fabrics made with the
ring-spun yarn in the warp direction were slightly lower
than with the equivalent MVS yarn. After steaming, the
hygral expansion of all the fabrics increased by around 1%,
and there was scarcely any difference between any of the
fabrics within experimental error.
Steaming reduced the relaxation shrinkage of the fabrics
to around 1%. The reductions were mostly marked in the
weft direction of the fabrics made with unsteamed MVS
yarn in the weft. Pre-steaming the MVS weft yarn re-
duced the relaxation shrinkage of the fabric, particularly in
the weft direction. These results are in line with the finding
of Horne et al. (private communication, 2006), who found
that unsteamedMVS wool blend yarns showed greater re-
laxation shrinkage than equivalent ring-spun yarns. How-
ever, the relaxation shrinkage of fabric containing both
unsteamed and steamed MVS yarn was further reduced
by pressure steaming the fabric.
Comparing the properties of the fabrics made from the
ring-spun 45/55 and 60/40 weft yarns, there were no sig-
nificant differences within experimental error due to the
changed blend levels.
Despite the presence of considerable proportions of
polyester in the yarns, the importance of permanently
setting thewool component in the fabrics is clearly evident.
As alreadymentioned, the heat treatment of the fabrics that
Figure 1 Hygral expansion in the weft and warp directions of fabric samples made from various combinations of warp and weft
yarns before and after pressure steaming of the fabric.
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The dimensional and mechanical properties of wool/polyester fabrics
Figure 2 Relaxation shrinkage in the weft and warp directions of fabric samples made from various combinations of warp and
weft yarns before and after pressure steaming of the fabric.
preceded the pressure-steaming step should have set the
polyester component in each case. Permanent setting of
the polyester will have limited magnitude of subsequent
dimensional changes in the fabrics to some extent. Unlike
wool, polyester fibres are not affected by water and they do
not change their dimensions when wet, so polyester fabrics
do not exhibit any relaxation shrinkage or hygral expan-
sion. Relevant literature has pointed out that wool/PES
blend fabrics have lower hygral expansion than pure wool
fabrics and that a minimum of 40% of polyester in a blend
can reduce the relaxation shrinkage and hygral expansion
of fabrics finished by appropriate traditional methods to
enable garments to meet the specifications for easy-care
labelling (Pierlot, 2006).
While a control unsteamed worsted yarn was not tested
in this investigation, a theory on the observed relaxation
shrinkage and hygral expansion of fabrics made from unset
MVS yarns is proposed on the basis of different structures
of ring andMVS yarn. Pictures of the ring-spun andMVS
yarns are shown in Figures 3 and 4 (Gordon et al., 2005),
respectively.
MVS yarn can be described as fasciated yarn. During
spinning, the fasciated structure of MVS yarn arises due
to a proportion of fibres being held by the front roller
Figure 3 Structure of ring-spun yarn.
Figure 4 Structure of MVS yarn.
and not being able to be twisted around the spindle apex;
therefore, MVS yarns consist of a core of parallel fibres
without twist, enveloped by a periodic helical arrangement
of fibres that wrap around the core (Gordon et al., 2005;
Oxeham, 2002). The core fibres, with lower levels of
applied strains and less twist introduced during spinning,
exert less pressure on neighbouring fibres, and as an
assembly are allowed greater movement within the yarn
565Copyright C© 2008 The Textile Institute TJTI 2008 Vol. 99 No. 6
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Figure 5 Thickness and weight of fabrics with different yarn structures before and after wet relaxation.
structure. It is proposed that this structure contributes
directly to the higher shrinkage level when the composite
(wool/PES) yarn is relaxed in water. When the wool fibres
become wet, they try to return to their initial growth crimp
state and, in doing so, create yarn shrinkage and increase
the bulkiness of the yarn. This results in shrinkage of
the fabric. On the other hand, ring-spun yarn has a
consistent twisted helical structure and the presence of
twist limits the fibres from moving freely within the yarn
structure. This reduces the amount of fabric shrinkage
by physically limiting the relaxation and crimping of
the wool fibres when they become wet. Yarn steaming
reduces MVS yarn shrinkage (Horne et al., private
communication, 2006), by permanently setting the wool
fibres in relatively straight configurations within the yarns
while they are firmly held in the wound package. The
straightened fibres then have no tendency to return to
their growth crimp configuration when they become wet,
and hence shrinkage induced by relaxation of the wool
fibres is eliminated. The higher degree of set in the wool
introduced by pressure steaming, combined with the per-
manent setting of fibres in the weave crimp of the fabric,
contributes to the lower shrinkage levels of the pressure-
steamed fabrics compared with the loom-state fabrics
made from either the steamed or unsteamed MVS yarns.
The fabric hygral expansion behaviour observed can
be similarly explained in terms of the different yarn struc-
tures. Before steaming, inter-fibre forces are higher in ring-
spun yarn than inMVSyarn, because of the higher levels of
twist introduced during ring spinning. High levels of twist
restrict fibre movement and produce lower hygral expan-
sion in ring-spun yarn fabric . During steaming, however,
the wool fibres are stress relaxed and permanently set in the
weave crimp configuration, which reduces the inter-fibre
and inter-yarn forces as well as fibre stiffness as a result of
steaming (Le et al., 1994). This makes it possible for fibres
to move more freely and for the weave crimp to increase
as the fabric is dried after wetting, thereby producing the
changes in hygral expansion observed in the fabrics.
The greater relaxation shrinkage of loom-state MVS
fabric made from unsteamed yarn was further confirmed
by investigations of fabric thickness (under 0.5 kPa) and
weight before and after wet relaxation. As can be seen from
Figure 5, all fabrics showed increased levels of thickness
and weight after being wet relaxed and this undoubtedly
Figure 6 Fabric weight and compression properties after
steaming.
resulted from shrinkage and bulking of the yarns. The
thickest and heaviest fabric, after relaxation, was measured
on the fabric made from unsteamed MVS yarn in the weft
(Fabric 3#), followed by fabric made from steamed MVS
yarn (Fabric 2#) and then by the worsted ring-spun fab-
ric (Fabric 1). These rankings correspond to the differ-
ent shrinkage levels measured. The observation that MVS
yarn is typically more bulky supports those of Soe et al.
(2004), who measured the cross-sectional dimensions and
mechanical properties of ring-spun, open-end and MVS
cotton yarns. In their study, MVS yarns were the most
bulky of the three-yarn structures examined, with yarn di-
ameters 20% larger than equivalent ring-spun yarns. Mu-
rata vortex spun yarns were also stiffer and less resilient
under compression. The observations by Soe et al. (2004)
also match with our FAST system measurements on the
wool/PES MVS fabrics described below.
Fabric mechanical properties after setting
Mechanical properties of previously wet-relaxed fabric
samples 1 (ring-spun yarn fabric) and 2# (MVS yarn fab-
ric), after being steamed at 120◦C for 3 minutes, are shown
in Figures 6 and 7.
Greater fabric weight and thickness under different
loads are consistently shown in MVS yarn fabric after
pressure steaming, as can be seen in Figure 6. Moreover, it
appears thatMVS yarn fabric tends to show higher surface
thickness than ring-spun yarn fabric. This is not unex-
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Figure 7 Fabric tensile, bending properties and formability
after steaming.
pected as sheath fibres in MVS yarn structure play an
important role in fabric surface properties. A fluffy look
thus can be achieved as core fibres contracted when fab-
ric was fully relaxed. The results in Figure 6 show that a
relatively heavier fabric can be expected fromMVS yarns,
compared with the equivalent ring-spun yarn fabric.
Fabric extensions at 5, 20, 100 gf/cm loads in Figure
7 show little difference in the two sets of fabrics within
experiment error; however, a significant change is observed
in fabric bias extension at 5 gf/cm, expressed as EB5 in the
figure. Fabric shear rigidity can be subsequently obtained
by using formula (2), of which ring-spun yarn fabric is
27.9 N/m, and 42.2 N/m for MVS yarn fabric. Shear
deformation involves sideways movements of fabric and
this is related to both fabric handle and appearance. For
MVS fabric, higher shear rigidity produced firmer and
harsher handle than the ring-spun yarn fabric, making it
more suitable to be used as furnishing fabric. The ring-
spun yarn fabric had a lower bending rigidity and a slightly
greater formability than the MVS fabric (Fig. 7). This
was associated with the more, supple handle and better
tailoring properties of the fabric made from ring-spun yarn
and would justify their use as apparel fabrics.
CONCLUSIONS
In this work, the dimensional andmechanical properties of
wool/PES fabrics made from MVS and ring-spun yarns
were compared by preparing a number of fabric samples
containing different types of the yarns in thewarp andweft.
It is proposed that the variation in fabric dimensional and
mechanical properties is largely due to the different struc-
tures of theMVSand ring-spunyarns used tomake the fab-
rics. The loom-state fabrics woven from unsteamed MVS
yarn had greater relaxation shrinkage and hygral expan-
sion levels than equivalent fabrics made from traditional
worsted ring-spun yarns. The magnitude of the relax-
ation shrinkage in loom-state fabrics containingMVS yarn
could be significantly reduced by pre-steaming the yarns
before weaving. However, permanent setting of fabrics,
by pressure steaming, was more effective than yarn pre-
steaming in reducing relaxation shrinkage levels in fabrics
made from unsteamed MVS yarn. After pressure steam-
ing, all fabrics showed similar levels of relaxation shrinkage
and hygral expansion, irrespective of the yarn production
method.
Measurements of fabric mechanical properties with the
FAST system revealed a heavier and fuller handle for
the MVS fabric, which was reflected in its greater fab-
ric weight, thickness and surface thickness. MVS fabric
also showed significantly higher shear rigidity, relative to
conventional ring-spun yarn fabric, which correlated with
its firmer handle.
The results in this study have industrial implications in
the production of MVS yarn. With ring-spun yarn, small
packages are normally steamed to reduce or stop snarling of
the yarn during knitting, warping and weaving; the small
packages are then joined to produce a bigger, endless and
faultless package. On the other hand, MVS yarn pack-
ages can be produced in relatively large sizes and the yarn
does not need to be rewound before further use. Steaming
is optional and would be done only if there is excessive
snarling during knitting or weaving. However, it is rec-
ommended in this work that steaming of yarn packages
after MVS spinning can be used to avoid the introduction
of dramatic amounts of relaxation shrinkage into subse-
quently woven fabric, but the most effective way to reduce
relaxation shrinkage of the fabric is to carry out a perma-
nent setting treatment on the fabric as part of the finishing
routine.
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